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ABSTRACT   
Schiff bases derived from pyridyl- or salicyl- aldehydes and aminoalcohols can evolve to 
heterocyclic oxazolidines which, in the presence of cations allow the formation of uncommon 
coordination compounds. In this work, we report new NiII and mixed valence MnII/MnIV 
complexes derived from pyridyl oxazolidines and the unprecedented characterization of 
enantiomerically pure oxazolidines derived from the condensation of o-vanillin with 
phenylglycinol in the presence of NiII cations. The different reactivity of the pyridinic or 
phenolic  Schiff bases has been compared and the new systems have been structural, optical and 
magnetically characterized. 
INTRODUCTION 
Schiff bases are versatile ligands that, depending on the starting carbonyl and amino fragments 
used for the condensation, can exhibit an enormous variety of properties such as different kind 
and number of N,O-donors, different charge or different predefined shapes (linear, cyclic, 
compartmental, etc.). This versatility can be very useful in the definition of the topology and 
properties of the derived coordination complexes.1,2 More concretely, the reaction of ketones or 
aldehydes with 1,2-aminoalcohols is a simple method to prepare a large variety of Schiff bases3 
but in some cases, a further nucleophilic attack of the alkoxo group on the iminic C-atom takes 
place. Thus, instead of the usual condensation it allows the formation of oxazolidines, which 
consist in one saturated heterocyclic five-membered NCOCC ring. Oxazolidines are less studied 
than the related unsaturated oxazoles or oxazolines despite that the organic molecules or their 
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coordination compounds offer promising possibilities in different applied fields like medicinal 
chemistry4,5 or catalysis.6-10 
Reaction of pyridine- or quinolinealdehyde with tris(hydroxymethyl)aminomethane (TRIS) is 
one of the reactions that, usually in the presence of metallic cations, tends to produce 
oxazolidines instead of the corresponding Schiff bases. The number of coordination complexes 
derived from 2-pyridinecarboxaldehyde11-13 or quinolinealdehydes,14-16 often mononuclear 
systems, is limited but has been characterized for several 3d cations along the last years. 
However, this catalysed formation of the oxazolidine has not been reported yet when using 
salicylaldehyde or the related o-vanillin as starting carbonyl source. 
Recently, our group has developed a research line on coordination compounds derived from 
Schiff bases, mainly focused on chiral systems starting from enantiopure reactants.17-20 During 
this period, the reactions of 2-pyridinecarboxaldehyde with TRIS or o-vanillin with 
enantiomerically pure (R) or (S)-phenylglycinol, designed for the synthesis of  Schiff base/azide 
clusters, allowed us to the characterization in good yield of the derived oxazolidine complexes 
containing the ligands H3L3 and H2L4, instead of the expected H3L1 and H2L2 bases depicted in 
Chart 1. The later ligand, H2L4, becomes particularly interesting because, on one hand, the 
example presented here is the first case in which one oxazolidine has been obtained from this 
kind of Schiff bases and, on the other hand, its chiral character leads to selective characterization 




Chart 1.  Precursor Schiff bases and the derived oxazolidines employed in this work. Asterisk 
denotes the chiral C-atom of the H2L2 base. 
 
Following with our previous research in this field, we report here the structural 
characterization of one NiII pyridyl-oxazolidine complex with formula [Ni2(H3L3)2(11-
N3)2Cl2]ꞏ2 MeOH (1), one 1D mixed valence manganese system with formula 
[MnII6MnIV2(HL3)6(HCOO)2(N3)4(11-N3)(13-N3)]ꞏ3MeOHꞏH2O (2), one NiII complex with 
formula [Ni4(L2)4(MeOH)4]ꞏ2MeOH (3) and the enantiomeric pair of phenolic-oxazolidine 
complexes [Ni2(HL2)2(HL4)(11-N3)]ꞏ2MeOH (R)-HL4, (4R), (S)-HL4, (4S). Complex 3 
contains the Schiff base L22- and it is included for comparative purposes with the derived 
oxazolidine systems 4R and 4S. The reactivity of the Schiff bases towards its respective 
oxazolidine has been studied and all the systems have been magnetically characterized.  
The reported systems exhibit some remarkable features such the different reactivity of the 
expected Schiff bases in some specific conditions, the larger manganese-oxazolidine complex 
reported until today, the unusual MnII/MnIV coexistence of manganese cations in oxidation state 
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differing by two units and the unprecedented chiral oxazolidine derived from H2L2 family of 
ligands. These different products with different metals obtained in similar reaction conditions 
can be, in a near future, a new usual way to prepare oxazolidine-derived complexes and one 
more step in the study of the occurrence of this synthetic path in the catalytic presence of some 
transition metals.  
EXPERIMENTAL SECTION 
Materials and Physical Measurements.  
2-pyridinecarboxaldehyde, o-vanillin and the chiral (R) and (S)-phenylglycinol chemicals were 
purchased to TCI Chemicals and used as received. The syntheses were performed at open air in 
reagent grade solvents. IR spectra (4000-400 cm-1) were recorded on a Bruker IFS-125 FT-IR 
spectrometer with samples prepared as KBr pellets. Variable-temperature magnetic studies were 
performed using a MPMS5 Quantum Design magnetometer operating at 0.03 T in the 300-2.0 K 
range. Diamagnetic corrections were applied to the observed paramagnetic susceptibility using 
Pascal constants. Fits of the experimental magnetic measurements were performed with PHI 
program.21 ECD spectra in methanolic solution were recorded on a Jasco-815 spectropolarimeter. 
X-ray crystallography. Details of crystal data, data collection and refinement for complexes 
1, 2, 3S, 4R and 4S are summarized in ESI Tables S1 and S2. Collection data were made on a 
Bruker D8 Venture system equipped with a multi-layer monochromator and a Mo microfocus 
(= 0.71073 Å). All structures were solved using the Brucker SHELXTL software package and 
refined with SHELXL computer program.22 Data were corrected for absorption effects using the 
multi-scan method (SADABS). Plots for publication were generated with ORTEP3 for 
Windows23 and plotted with Pov-Ray programs. 
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All data can be found in the supplementary crystallographic data for this paper in cif format 
with CCDC numbers 1993842 - 1993846. These data can be obtained free of charge from The 
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 
Synthesis of the ligands. H3L1:10 mmol (1.07 g) of 2-pyridinecarboxaldehyde and 10 mmol 
(1.21 g) of tris(hydroxymethyl)aminomethane (TRIS) were dissolved in 15 mL of methanol and 
the mixture was maintained under stirring during one hour at 45º C. The resulting solution of 
H3L1 was diluted in 100 mL of methanol and employed directly in the subsequent reactions 
without isolation of the ligands. H2L2 was synthesized as previously reported.17-20 
 [Ni2(H3L3)2(11-N3)2Cl2]ꞏ2 MeOH (1). NiCl2ꞏ6H2O (0.239 g, 1 mmol) dissolved in 5 mL of 
methanol and sodium azide (0.064 g, 1 mmol) were added to 10 mL of the previously prepared 
solution of H3L1. The resulting green solution was filtered and layered with diethylether. Well-
formed green crystals were collected after 4 days. Yield 60%. Anal. calculated/found (%) for 
complex 1, C, 35.0/34.7; H 4.5/4.7; N 18.6/18.3. IR spectra for all the complexes are reported in 
Figure S1. 
[MnII6MnIV2(HL3)6(HCOO)2(N3)4(11-N3)(13-N3)]ꞏ3MeOHꞏH2O (2). To 10 mL (1 mmol) of 
the previously prepared solution of H3L1 were added sodium methoxide dissolved in 5 mL of 
methanol (0.108 g, 2 mmol),  manganese formate (0.145 g, 1 mmol) and sodium azide (0.064g, 1 
mmol) and the resulting solution was stirred at open air for 30 minutes. During this time, color 
changes to dark brown due to the partial oxidation of the manganese. Well-formed dark crystals 
were obtained after two days layering the solution with diethylether. Yield 70%. Anal. 
calculated/found (%) for complex 2, C, 36.4/36.7; H 4.1/4.0; N 19.6/19.7. 
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The synthesis of the manganese complex 2 has been described starting from manganese formate 
but the same complex can be obtained starting from other manganese salts (nitrate, perchlorate or 
triflate) and in these cases, the formate anions were formed by catalytic oxidation of methanol, 
meaning that the final complex is extremely stable.  
[Ni4(L2)4(MeOH)4]ꞏ2MeOH  (S)-L2, (3S). A solution of H2L2 (0.136 g, 0.5 mmol) and 
tryethylamine (0.101g, 1 mmol) dissolved in in 10 mL of methanol were mixed with nickel 
acetate tetrahydrate (0.124 g, 0.5 mmol) previously dissolved in 10 mL of methanol. Slow 
evaporation gives well-formed green crystals after two weeks. Yield 60%. Anal. 
calculated/found (%) for complex 3S, C, 55.9/56.1; H 5.6/5.5; N 3.7/3.6. 
[Ni2(HL2)2(HL4)(11-N3)]ꞏ2MeOH  (R)-HL2, (4R), (S)-HL2, (4S). A solution of the 
corresponding (R)-H2L2 or (S)-H2L2 (0.136 g, 0.5 mmol) and tryethylamine (0.101g, 1 mmol) in 
10 mL of methanol was mixed with nickel benzoate (0.151 g, 0.5 mmol) previously dissolved  in 
10 mL of methanol. To this mixture was added sodium azido (0.032 g, 0.5 mmol) dissolved in 5 
mL of methanol. After some minutes an unidentified green solid was removed and X-Ray quality 
green crystals were obtained after one week by slow evaporation of the mother liquor. Yield 
35%. Anal. calculated/found (%) for complex 4R, C, 58.1/57.9; H 5.4/5.5; N 8.1/8.0 and 4S, C, 
58.1/57.8; H 5.4/5.6; N 8.1/8.0. The green precipitate obtained immediately after the mixing of 
the reagents was not identified but its IR spectrum shows the presence of H2L2 ligands, benzoate 





RESULTS AND DISCUSSION 
Crystal Structure of [Ni2(H3L3)2(11-N3)2Cl2]ꞏ2 MeOH  (1). The centrosymmetric  dinuclear 
complex consist of two nickel cations bridged by a double end-on azido bridge, two H3L3 
ligands and two chloro donors, Figure 1. Main bond parameters are summarized in Table 1. The 
Ni-N-Ni bond angle takes a value of 98.4º, which is in the usual range for the end-on azido 
bridges.24 The planar Ni2N2 ring is practically symmetric with almost identical Ni-N bond 
distances. The octahedral coordination sphere of each cation is fulfilled with one H3L3 ligand 
acting as a tridentate donor and one terminal choro ligand. The flexible H3L3 ligand is 
coordinated in fac- mode by means of the N-pyridinic, N-oxazolidine and the O-donor from one 
of the alkoxo arms.   
Each protonated O2 donor establishes a strong H-bond with one of the chloro atoms of the 
neighbouring molecule with a O2ꞏꞏꞏCl1 distance of 3.069(3) Å. The double intermolecular H-
bonds determine the monodimensional arrangement of dimers in the network, Figure 1. The 
crystallization methanol molecules help to the stabilization of the molecule by means of two H-
bonds with the uncoordinated alkoxo group (distance O4ꞏꞏꞏO3 of 2.731 Å) and the chloro atom 
with O4ꞏꞏꞏCl1 distance of 3.103 Å, Figure S2.  
Despite of the precursor H3L1 is achiral, the cyclization of the oxazolidine has as a 
consequence the generation of three chiral centres, placed on C6 and C7 carbons and on the 
prochiral protonated N2 atom. The chirality of these centres is (R, S, S) for one of the ligands and 
(S, R, R) for the second H3L3 ligand which are related by one inversion centre placed in the 
middle of the molecule and thus, the complex should be assumed as a meso form. 
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Figure 1. Top, labelled view of the dinuclear complex 1. Bottom, a view of the 1D 
arrangement of dimers linked by a double H-bond involving the chloro ligands and the 
coordinated alkoxo arm of H3L3. 
Table 1. Selected bond parameters for complex 1. 
Ni1-N1 2.088(3) Ni1-N3-Ni1’ 98.4(1) 
Ni1-N2 2.087(3) O3ꞏꞏꞏCl’’ 3.069(3) 
Ni1-N3 2.100(3) Ni1ꞏꞏꞏNi2 3.1824(7) 
Ni-N3’ 2.104(3)   
Ni1-O2 2.097(3)   
Ni1-Cl 2.389(1)   
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Crystal Structure of [MnII6MnIV2(HL3)6(HCOO)2(N3)4(11-N3)(13-N3)]ꞏ3MeOHꞏH2O  (2). 
The system consists of a chain of octanuclear clusters formed by two tetranuclear units linked by 
one end-on azido bridge placed on one C2 axis that relates the two subunits, Figure 2. Main bond 
parameters are summarized in Table 2. The Mn1, Mn3 and Mn4 cations show a MnN4O2 or 
MnN3O3 environment with bond distances clearly larger than 2.1 Å, whereas the Mn2 cation 
exhibits a MnO6 octahedral coordination with bond distances shorter than 2.0 Å. In basis to the 
coordination environments, charge balance and BVS calculations (Table S3), the MnII (Mn1, 
Mn3, Mn4) and MnIV (Mn2) oxidation states were assigned. The octanuclear clusters are linked 
between them by end-to-end azido bridges that generate the 1D arrangement, Figure 2. Each 
tetranuclear subunit is formed by three divalent and one tetravalent manganese cations, three 
HL32- ligands, two terminal azido ligands, one formate and the corresponding azido bridges. The 
N-pyridinic and N-oxazolidine donors of the HL32- ligands are coordinated to the divalent 
cations and the alkoxo arms of the ligand generate the MnII-O-MnIV bridges inside the cluster. 
Each one of the ligands shows a different coordination mode: the two alkoxo arms linked to Mn1 
act as a bridge between one MnII and the MnIV cations, one alkoxo arm linked to Mn3 acts as a 
terminal ligand whereas the second alkoxo donor links Mn3 with the tetravalent Mn2 and finally, 
one alkoxo arm linked to Mn4 provides a bridge between Mn4 and Mn2 and the second arm 
gives a 3-O donor placed in the triangular arrangement formed by Mn2, Mn3 and Mn4, Figure 
3. The formate ligand is linked in its syn-syn coordination mode to the divalent Mn3 and Mn4 
cations. The end-on azido bridge links the two moieties of the cluster with a Mn4-N13-Mn4’ 
bond angle extremely large (136.5º) whereas the end-to-end azido bridges links the equivalent 
Mn1 cations from the next octanuclear unit with Mn1-N16-N17 bond angles of 139.5(2)º.  
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Figure 2. Top, labelled view of the asymmetric unit of complex 2. Bottom, a view of the 1D 
arrangement of the octanuclear {MnII3MnIV-(1,1-N3)- MnII3MnIV}units linked by 1,3-N3 bridges, 
As in the previous case, the formation of the oxazolidine ring and its coordination to the 
cations generates three CNC chiral centres with (R, R, S) configuration respectively. The 
presence of exclusively C2 axis on the chain and the inter-chain reflection planes in the network 




Figure 3. View of the different coordination modes of the HL32- ligand and the cation 
environment for the manganese cations in complex 2. The labelled C and N atoms are those that 
become chiral centres. 
 
Table 2. Selected bond parameters for complex 2. 
Mn1-N1 2.305(3) Mn2-O1 1.885(2) 
Mn1-N2 2.307(2) Mn2-O2 1.931(2) 
Mn1-N10 2.149(2) Mn2-O4 1.960(2) 
Mn1-N16 2.162(2) Mn2-O5 1.907(2) 
Mn1-O1 2.268(2) Mn2-O7 1.889(2) 
Mn1-O5 2.152(2) Mn2-O8 1.838(2) 
Mn3-N5 2.286(2) Mn4-N3 2.249(2) 
Mn3-N6 2.319(2) Mn4-N4 2.313(2) 
Mn3-N7 2.112(2) Mn4-N13 2.224(1) 
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Mn3-O4 2.245(2) Mn4-O2 2.140(2) 
Mn3-O7 2.259(2) Mn4-O4 2.273(2) 
Mn3-O11 2.122(2) Mn4-O10 2.130(2) 
Mn2-O1-Mn1 98.13(7) Mn3-O4-Mn4 113.17(7) 
Mn2-O5-Mn1 101.50(8) Mn1-N16-N17 139.5(2) 
Mn2-O4-Mn3 97.94(7) Mn4-N13-Mn4’ 136.5(2) 
Mn2-O7-Mn3 99.60(7)   
Mn2-O2-Mn4 104.72(7)   
Mn2-O4-Mn4 99.06(7)   
 
Crystal Structure of [Ni4(L2)4(MeOH)4]ꞏXMeOH (3S). The core of the structure of 3S 
consist of a distorted [Ni4(3-O)4] cubane core, in which the 3-O corners are the O–alkoxo 
atoms of the L22- ligand. Each L22- ligand coordinates one NiII cation by means of the iminic 
nitrogen and the O-phenoxo donor. A partially labelled plot is shown in Figure 4 and the main 
bond parameters are summarized in Table 3. The NiNO5 environment is fulfilled with one 
terminal MeOH ligand, which participates in intramolecular H-bonds with the Ophenoxo donors of 
the L22- ligands (OꞏꞏꞏO distances: 2.62-2.74 Å). Two opposite faces of the cube exhibit larger 
NiꞏꞏꞏNi separation and Ni-O-Ni bond angles (around 101º) than the other four faces. The 
coordination environment of the NiII cations show a tetragonal elongation that involves the Ni-O 
bonds to the methanol molecules and the Ni-Oalkoxo placed in trans. The complex is asymmetric 
but the arrangement of the ligands is close to a pseudo-S4 symmetry. The structure is close to the 
related system obtained from the racemic mixture of ligands which contains a disordered mixing 
of enantiomers in the molecule.25 
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Figure 4. A view of the cubane structure of complex 3S and its labelled core. The O4-Ni1-O15 
direction corresponds to the elongated bonds. 
Table 3. Selected bond parameters for complex 3S. 
Ni1-O1 2.018(8) Ni3-O7 2.160(8) 
Ni1-O4 2.141(9) Ni3-O10 2.034(8) 
Ni2-O1 2.122(8) Ni4-O7 2.030(8) 
Ni2-O4 2.023(9) Ni4-O10 2.150(8) 
Ni-O10 2.041(8) Ni3-O4 2.020(9) 
Ni2-O7 2.064(8) Ni4-O1 2.011(9) 
Ni1-O15 2.163(9)   
Ni1-O1-Ni2 101.7(3) Ni3-O7-Ni4 99.6(3) 
Ni1-O4-Ni2 100.9(4) Ni3-O10-Ni4 99.8(3) 
Ni1-O4-Ni3 94.1(4) Ni2-O1-Ni4 94.6(3) 
Ni1-O10-Ni3 96.8(3) Ni2-O7-Ni4 95.8(4) 
Ni1-O1-Ni4 98.4(4) N2-O4-Ni3 99.2(4) 
Ni1-O10-Ni4 93.4(3) Ni2-O7-Ni3 93.6(3) 
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Crystal Structure of [Ni(HL2)2(HL4)(11-N3)]ꞏ2MeOH  (R)-HL2, (4R), (S)-HL2, (4S). 
Shape and bond parameters for the two enantiomers are practically identical and thus a common 
description for both will be provided. The system consists of two NiII cations, two monoanionic 
HL2- ligands, one monoanionic HL4- ligand and one end-on azido bridge, Figure 5. Main bond 
parameters are reported in Table 4. The HL2- ligands act as tridentate donors and are mer-
coordinated to the NiII cations. The HL4- ligand coordinates Ni1 and Ni2 cations employing the 
Omethoxide and the Noxazolidine donors respectively, whereas the deprotonated Ophenoxo donor acts as a 
bridge with a Ni1-O5-Ni2 bond angle of 104.3º. The coordination environment of the cations is 
fulfilled with a 11-N3 bridge with a Ni1-N4-Ni2 bond angle of 95.9º. The three oxazolidine 
chiral centers, generated after the coordination of HL4-, show the (R, S, R) configuration for C17, 
N2, C26 respectively for the complex obtained from (R)-H2L2 (4R) and the opposite (S, R, S) 
configuration for the complex obtained from (S)-H2L2 (4S). All the relevant intermolecular 
contacts are H-bond interactions that involve the crystallization methanol molecules and the 
azido ligand (O1wꞏꞏꞏN6, 2.959 Å), the protonated alkoxo arm of one HL2- ligand (O1ꞏꞏꞏO1w, 
2.589 Å) and the methoxo group of the second HL2- ligand (O1wꞏꞏꞏO8, 2.866 Å).  
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Figure 5. Top, a labeled view of the dinuclear complex 4 (labels are the same for 4R and 4S). 
Bottom, mirror image of the chiral HL4- ligand indicating the chirality of each center for the two 
enantiomers. 
Table 4. Selected bond parameters for complex 4R. Bond parameters for the enantiomer 4S are 
practically identical. 
Ni1-O1 2.084(1) Ni2-O5 2.017(1) 
Ni1-O2 1.999(2) Ni2-O7 2.163(1) 
Ni1-O5 2.011(1) Ni2-O8 2.012(1) 
Ni1-O6 2.187(2) Ni2-N2 2.130(2) 
Ni1-N1 1.994(2) Ni2-N3 1.995(2) 
Ni1-N4 2.100(2) Ni2-N4 2.181(2) 
Ni1-O5-Ni2 104.26(6) Ni1-N4-Ni2 95.91(7) 
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Synthetic aspects  
Schiff bases like H3L1, derived from the reactions among TRIS and pyridyl or 
quinolinealdehydes, linked to polyoxometallates or lanthanides with SMM response for the DyIII 
case, have been recently characterized.26-28 However, 3d complexes, containing cycled 
oxazolidines like H3L3 instead the corresponding Schiff base, appears to be the most common 
reaction and some mononuclear CuII or dinuclear FeIII compounds derived from the pyridyl 
ligands11-13 and several mononuclear or low nuclearity 3d systems derived from the quinoline 
precursors14-16 have also been reported. Formation of the oxazolidine ring requires the 
nucleophilic attack of one of the alkoxo arms on the iminic C-atom and the transfer of the proton 
to the N-atom, Scheme 1. Most of the reported complexes have been prepared by the mixing of 
the aldehyde, TRIS and the metallic salt resulting the in situ cyclization of the Schiff base 
profiting the polarizing effect of the cation through the linkage to the iminic N-donor, that helps 
the nucleophilic attack of the alkoxo group and the formation of the heterocycle.  
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Scheme 1. Synthetic route that allows the oxazolidines H3L3 and H3L4. The reaction of TRIS 
with salicylaldehyde or o-vanillin always stops in the H3L5 Schiff base and the derived 
oxazolidines were not previously reported. 
In contrast with the easy formation of the oxazolidine containing N-heterocycles, the reaction is 
unfavourable for salicylaldehyde or o-vanillin precursors and as an example, the search in the 
CCDC database returns hundreds of complexes of ligands like H3L5 (with substituted or not 
substituted R = H, Me, OH aminoalcohol arms or from salicil or o-vanillin precursors) but the 
corresponding oxazolidines derived from H3L5 have not been never reported. In the same way, 
ligands like H2L4, present in complexes 4R and 4S, are unprecedented. The only two related 
phenol-oxazolidine derivatives have been reported starting from 2,6-diformyl-4-methylphenol29 
or from the reaction of salicylaldehyde with 3-aminopropane-1,2-diol, that yields either 
oxazinanes and oxazolidines.30 One factor that becomes crucial in well studied ligands as could 
be the diol derivatives of dipyridyl ketone,31 is the presence of pyridinic rings that helps to 
polarize the iminic group helping the nucleophilic attack. Noteworthy, there is not a clear reason 
to justify the cyclization of H2L2 if we compare the syntheses of compounds 3 and 4 or the 
previously reported complex [Ni4(L2)(N3)2Cl2(MeOH)2] which were obtained in similar 
conditions32 with a common stoichiometry, solvent or basic medium and only changing the anion 
chloride vs. benzoate in the case of complexes 4R/4S.  
Noteworthy, one of the most interesting features is that starting of enantiomerically pure chiral 
precursors like (R)- or (S)-phenylglycinol, the chirality is transferred to the final compound, 
allowing to the selective syntheses of the corresponding oxazolidines with (R, S, R) or (S, R, S) 
configuration for the C, N, C atoms respectively. Chiral complexes derived from other 
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oxazilidines proved to be interesting antitumoral agents.4,5 For this reason catalytic cyclization of 
Schiff bases like H2L2 becomes an interesting source of new complexes.  
Electronic Circular Dichroism 
Electronic Circular Dichroism (ECD) spectra were recorded for the enantiomeric pair 4R and 
4S, which contain the chiral ligands HL2- and HL4- with one and three chiral centers 
respectively. 4R exhibits positive Cotton effect at 214, 260 and 388 nm and negative peaks at 
238, 285 nm, vanishing the absorptions for larger wavelengths and 4S shows exactly the mirror-
image spectrum, Figure 6. Comparison with the previously reported spectra for related 
complexes derived from H2L2 shows the characteristic high energy absorptions below 300 nm 
due to the -* transitions of the aromatic groups of the ligands whereas the absorptions above 
this wavelength are attributable to absorptions related with the chiral cationic centers.33-35 
 
Figure 6. ECD spectra showing the mirror-image absorptions for complexes 4R (red line) and 




The MT value at room temperature for the two dinuclear complexes 1 and 4 are 2.90 and 2.64 
cm3ꞏmol-1ꞏK respectively, larger than the expected value for two non-interacting S = 1 spins (g = 
2.00). On cooling, the plots reach a maximum value of 3.39 cm3ꞏmol-1ꞏK at 45 K (1) and 3.56 
cm3ꞏmol-1ꞏK at 17 K (4) and below the maxima strongly decreases down to 0.73 cm3ꞏmol-1ꞏK at 
2 K for 1 whereas the decrease is moderate for 4, reaching 2.71 cm3ꞏmol-1ꞏK at 2 K, Figure 7, 
top. This response evidences intramolecular ferromagnetic response and a very different 
anisotropic behavior or intermolecular interactions at low temperature. 
In light of the structural data for 1, that show strong intermolecular interactions, Figure 1, and 
that D and z’J’ parameters are always strongly correlated, the system was simulated by means of 
the isotropic H = -2J(S1ꞏS2) Hamiltonian, attributing the low temperature decay of MT to the 
intermolecular interactions parametrized with the inclusion of the z’J’ term. Best fit parameters 
were J = 11.9(7) cm-1, g = 2.27(1) and z’J’ = -0.45 cm-1.  The strong effect of the intermolecular 
interactions is reflected in the magnetization measurements: the isothermal measurement at 2 K 
shows a sigmoid shape with inflexion point around 2.5 T (~2.5 cm-1) reaching only 3.6 MN 
under the maximum field of 5 T, Figure 7, inset. Reduced magnetization measurements also 
confirm the strong intermolecular interactions and are not useful to extract information about the 
D parameter even employing only the higher field data, Figure 8. 
The structure of 4 shows weak intermolecular interactions and thus the data for 4 was fitted 
employing the same Hamiltonian but including a D term to simulate the MT decay at low 
temperature. Simultaneous fit of the susceptibility and isothermal magnetization at 2K yielded 
the best fit parameters J = +13.53(1) cm-1, g = 2.204(1) and Dion = -1.94 cm-1.  The dominant 
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effect of D at low temperature was confirmed by the fit of the reduced magnetization as a well 
isolated S = 2 ground state, resulting the best fit values of DS=2 = -1.79(2) cm-1 for a g = 2.192(1), 
Figure 8. 
 
Figure 7. Top, MT plots for the dinuclear complexes 1 (circles) and 4 (squares). Inset 
magnetization plot for 1 and 4. Bottom, MT plots for compounds 2 (diamonds) and 3 (circles). 




Figure 8. Top, reduced magnetization plots between 1.8 - 6.8 K with 1 K increment for the 
dinuclear complex 4 (left) and the cubane cluster 3 (right). Solid lines show the best fit of the 
experimental data. Bottom, reduced magnetization for the dinuclear complex 1. Dotted line is an 
eye-guide. 
The MT value at room temperature for the cubane complex 3 is 5.28 cm3ꞏmol-1ꞏK, larger than 
the expected 4.00 cm3ꞏmol-1ꞏK value for four isolated S = 1 spins (Figure 7, bottom). On cooling 
the MT value increases up to a maximum value of 9.95 cm3ꞏmol-1ꞏK at 7 K, followed by a decay 
down to 8.90 cm3ꞏmol-1ꞏK at 7 K, suggesting a dominant ferromagnetic intramolecular 
interaction. In light of the 2+4 shape of the cubano faces, fit of the experimental data was 
performed according the coupling scheme reported in Figure S3 and applying the derived 2J-
Hamiltonian: 
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H = -2J1(S1ꞏS2 + S3ꞏS4) -2J2(S1ꞏS3 + S1ꞏS4 + S2ꞏS3 + S2ꞏS4) 
and in light of the weak intermolecular interactions found in its structure, simulating the low T 
decay by means of the inclusion of a D term. Best fit parameters were J1 = -14.8(1) cm-1, J2 = 
+23.0(1) cm-1, g = 2.070(2) and Dion = -1.29(4) cm-1. The sign of the coupling constants shows a 
good agreement with the well stablished correlations for distorted cubane structures based on the 
Ni-O-NI bond angles, that has ferro-antiferromagnetic border around 98º and increasing 
antiferromagnetic interactions for larger bond angles.36-39 
Magnetization measurements show a saturation value of 7.45 MN under a field of 5 T clearly 
lower than the expected for an S = 4 spin. To determine the D parameter, reduced magnetization 
measurements were performed and fitted as an isolated S = 4 spin level, yielding the best fit 
values of DS=4 = -0.72(1) cm-1 and g = 2.06. From these data that give a DS2 value ~11 cm-1 and 
a possible SMM response, alternate current measurements were performed but, as has been 
reported for cubane systems with related Schiff bases,40 no out-of-phase response was observed. 
The high value of D is consequence of the tetragonal elongation of the coordination polyhedron 
around the nickel cations but the unfavorable arrangement of the easy axis that are perpendicular 
between them (close to S4 symmetry, Figure 4) and the strong tunneling excludes the out-of-
phase signals even under transverse fields.  
The MT value at room temperature for complex 2 is 15.7 cm3ꞏmol-1ꞏK by tetranuclear unit, close 
to the expected value of 15.0 cm3ꞏmol-1ꞏK for three S = 5/2 and one S = 3/2 non interacting 
ligands assuming g = 2.00. On cooling the MT value remains practically constant in the 300-70 
K range and below this temperature it shows a continuous decay down to 1.31 cm3ꞏmol-1ꞏK at 2 
K, Figure 7, bottom. The shape of the susceptibility plot and the large number of superexchange 
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pathways excludes trials to fit the experimental data, even as an approach to the tetranuclear unit 
at medium-high temperatures. However, on one hand, in light of the structural features and the 
previously reported magneto-structural correlations it is possible to rationalize the overall 
response of the system. The superexchange pathways inside the tetranuclear fragments are six 
MnII-O-MnIV bridges and only one MnII-O-MnII interaction which, with a Mn3-O4-Mn4 bond 
angle of 113.17º, should be assumed as usual as weakly antiferromagnetic. The scarce number of 
MnIIMnIV measured systems41-47 was recently summarized by Christou et al.48 but any correlation 
or general rule was extracted for the MnII-O-MnIV pathway. The only empirical feature was that 
the interaction is usually weak, being ferro- or antiferromagnetic as function of the kind of bridge 
and topology. The flat MT value in a wide range of temperature suggest weak ferro-
antiferromagnetic interactions inside the tetranuclear unit, with a probable antiferromagnetic 
interaction between divalent manganese cations Mn3 and Mn4 and weak ferromagnetic 
interactions between the divalent and tetravalent cations. End-to-end azido bridges between MnII 
cations with 180º Mn-NNN-Mn torsion angles and Mn-N-N bond angles around 140º give 
moderately strong antiferromagnetic coupling.24 On the other hand, it is well stablished that end-
on azido bridges usually gives ferromagnetic interactions for low bond angles but the coupling 
diminishes for very large angles like those found in complex 2 (Mn-N-Mn 136.5º). However, 
independently of the interactions or local spin inside each tetranuclear fragment, the 
antiferromagnetic interactions, mediated by the end-to-end azido bridges must allow a dominant 
antiferromagnetic response with an S = 0 ground state. The magnetization measurements show a 
sigmoid shape with inflexion point around 2 T (~ 2 cm-1) that could be attributed to the weaker 
intercluster interaction mediated by the end-on azido bridge. As is expected for an 
 25
antiferromagnetic system, the magnetization value of 6.2 MN under the maximum field of 5 T is 
far from the saturation. 
 
CONCLUSIONS 
Series of new NiII and mixed valent MnIIMnIVcomplexes containing oxazolidine/azido ligands 
have been characterized. The different reactivity of the pyridyl and phenolic precursors has been 
compared and one unprecedented oxazolidine-derived complex obtained by metal assisted 
cyclization of (2-hydroxy-1-phenylethyl)imino)methyl)-6-methoxyphenolato (H2L2) has been 
characterized. Transfer of chirality from the enantiomerically pure phenylglycinol precursors 
allowed to the corresponding (R,S,R) and (S,R,S) chiral oxazolidines. The systems have been 
magnetically characterized, showing a ferromagnetic response for the NiII systems 1, 3 and 4 and 
overall antiferromagnetic response for the  MnIIMnIV complex 2. 
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Polynuclear complexes derived from unprecedented chiral oxazolidines have been characterized. 
The comparison among pyridine-  or phenol-oxazolidines  derived from Schiff bases point out its 
different reactivity. 
 
 
